In the correlated electron system with the pseudogap, there are full-gapped domains and Fermi-arced domains coexisting. Those domains are created by the quantum-fluctuated antiferromagnetic correlation that generate the short-ranged attractive potential to produce the Fermi arcs and the superconductivity. In the full-gapped domains, s-wave or (d x 2 −y 2 ±id xy )-wave symmetry of the electron pairs is favored. In the Fermi-arced domains, only d x 2 −y 2 -wave symmetry of pairs is stable. Superconductivity of different pairing symmetry coexists in different domains, as well. Different from the Cooper pairs, the correlated electrons pair up in the real space with an energy gap. Gapless states, on the contrary, hinder the development of superconductivity.
I. INTRODUCTION
Electronic structure and topology in materials dictate their classification. For example, a system with (without) a Fermi surface is a metal (an insulator). The systems with the Fermi surface have gapless low-lying excitations, that are usually not stable against perturbations, leading to various states of matter through phase transitions. Superconductivity arises in metals when there is Cooper-pair instability. Interacting with phonons [1, 2] , electrons acquire the attractive force to form the bosonic pairs. The pairs, in particular, are robust in any directions. Namely, the twoparticle pairing wavefunction has zero angular momentum, resulting in an isotropic superconducting gap. The presence of the Fermi surface is the necessary condition for Cooper instability. In other words, the gapless states are the nurturing cradle for superconductivity That elegant scenario was challenged by the discovery of the high transition temperature superconductivity in copper oxides in 1986 [3] . The new superconductivity appears in families of compounds that mobile charge carriers need to be doped. Taking La 2-x Sr x CuO 4 as an example, at x=0, the compound is an antiferromagnetic insulator with an antiferromagnetic transition temperature up to near 300 K [4] . Increment of x introduces the mobile holes as well as the gapless states in the (± π 2 , ± π 2 ) directions [5] . They form the arc segments, dubbed as Fermi arcs. A closed Fermi surface can be completed at the doping level around 19% [6] . While the Fermi arcs grow in
) directions, the directions along (±π, 0) and (0, ±π) remain gapped.
The coexistence of the gapless and gapped states blurs the boundary of metals and insulators.
So far, the origin of the Fermi arc formation still stays at the numerical evidence [7] . The clear physical mechanism is lacking. Meanwhile, in those very strange electronic structures, superconductivity arises. Two properties remain true. Namely, electrons form pairs, and most of their properties are well described by BCS wavefunction of d-wave pairing symmetry. However, the d-wave symmetry that electrons choose to pair is d x 2 −y 2 , which is very odd. The d x 2 −y 2 state has the maximum amplitude in the (±π, 0) and (0, ±π) directions and are zero in the (± In this paper, we provide the physical mechanism of Fermi arc formation and the pairing mechanism that explains why d x 2 −y 2 symmetry is favored. We will show that the correlated electrons are in general not homogeneous. Namely, domains with Fermi arcs and the ones without can coex- This technique often claims the d x 2 −y 2 symmetry. For the scanning tunneling microscopy experiments and other techniques of local probe, they can claim all cases, depending on which domain they measure [8] . Different from Cooper pairs, the superconductivity in the strongly correlated electron system can arise without a Fermi surface, i.e. fully gapped, because electrons pair up in the real space, not in the momentum space.
II. FERMI ARC FORMATION
The renowned electronic structure in cuprates, the Fermi arcs, is the combinations of the two mechanisms: pseudogap formation and quantum fluctuations of the correlation degrees of freedom. The first one is due to the interaction of electrons through exchanging massive gauge bosons of imaginary wave vectors. The second one is the interaction between electrons and the gauge field of real wave vectors. In comparison to the electrodynamics, the first one is similar to the Coulomb interaction of exchanging virtual photons, and the second one is the additional interaction with electromagnetic waves. The first mechanism results in the repulsive interaction between electrons and opens a gap. The second mechanism creates an attractive potential that cancels the repulsive interaction and closes the gap in some circumstances. Based on the form factors of the attractive potential, it closes the gap in an anisotropic manner, leading to the arc segments in the momentum space. In this section, we discuss the effect of the second mechanism. We will show that the attractive potentials have two types: s-type and d-type. The s-type remains the pseudogap to be a full gap, and the d-type closes the gap in the nodal directions.
Let us begin with a brief introduction of the pseudogap formation. The antiferromagnetic fluctuation in cuprates leads to divergent phenomena that seemingly do not have any relations [9] [10] [11] [12] .
Assuming its XY nature at finite doping, it is disordered in high temperature and acquires a quasilong-ranged order through the Kosterlitz-Thouless transition [13] . In addition, the overlap of the electron spin wavefunction introduces the massless gauge field strongly coupling with the antiferromagnetic fluctuation, that provides the mass of the gauge field and becomes the longitudinal mode of the gauge field [13, 14] . Electrons weakly coupling with the massive gauge field open a gap in the excitation spectrum, which is the origin of the pseudogap formation.
In the pseudogap phase, the quantum fluctuation of the anfiferromagnetic fluctuation can occur [15] . It generates a propagating E field. In the domain that the fluctuation stably exists and assuming the x direction to be the longitudinal direction, the propagating E field forms a standing wave given by
where A 0 is the strength of the quantum fluctuation, M 0 is the mass of the gauge field, and
. The electric field in Eq. (1) drives the electrons and form the charge density modulations [15] . Taking the onset temperature of the density modulation T CDW , A 0 can be esti-
.
In general, the antiferromagnetic fluctuation can be equally excited in theŷ direction of the square lattice. In order to match the locations of the nodes in the x direction, there are only two possibilities.
that are equivalent to the potentials
where
, m * is the effective electron mass, and ∆ is the pseudogap magnitude.
Taking ∆ ∼ 40 meV [16] and T CDW ∼ 100 K, k L for the 4 lattice spacings modulation, V 0 = 0.363 eV. The classical dynamics of the electrons in the presence of the quantum antiferromagnetic fluctuation is already given in Ref. [15] in details. In addition, the rapidly oscillating E field drives the electrons to move around the nodes, which effectively create the attractive potentials [15]
as shown in Fig. 1 . The potential minimum indicate the location of the nodes. InV 1 (x, y), the nodes are the local minimum. InV 2 (x, y), the nodes are surrounded by the lines of minimum. Now, let us consider the doping where one of the electrons at the nodes is taken away as shown in Fig. (1) . The electrons at the anti-nodes, shown as the solid blue circles in Fig. (1) , then move toward each other and oscillate around the nodes [15] . The attractive force in the potential is larger than the repulsive force that generates the pseudogap, which can be estimated as the following. The attractive force is roughly estimated from the depth of the effective potential 0.363 eV with a length
, and the repulsive force can be done from the 40 meV pseudogap with a length scale
Therefore, the attractive force cancels the repulsive force and closes the pseudogap dynamically.
In the case of potentialV 2 , two electrons can scatter off in any directions, as they collide. If they scatter off to the anti-nodes, they repeat the motion again. If they scatter off along the lines of minimum, the nodal quasiparticles appear, since there is no confining potential. The direction of the lines of the minimum is nothing but that of (± Finally, we emphasize that the current scheme is different from the excitation process between bands where there is no force to cancel the repulsive many-body interaction. In conclusion, the prevailing antiferromagnetic fluctuation and its form factor dictate the Fermi arc formation in the
BothV 1 andV 2 are doping dependent. V 0 is the function of pseudogap magnitude ∆ and the on-set temperature of the density modulation T CDW . As the doping increases, ∆ decreases. The depth of the potential decreases with the doping, and electrons can scatter off in wider directions, leading to the growth of the Fermi arcs. This mechanism implies that the potentials can be still finite when the Fermi arcs complete Fermi surfaces in bothV 1 andV 2 cases. Namely, the completion of the Fermi surfaces does not implies that ∆ is zero [16] .
The existence of the potentialV 1 andV 2 should be of equal probability. Namely, they can coexist in different domains in the same system. The pseudogap structures are inhomogeneous in the real space and can be classified into two categories. (1) full pseudogap (fromV 1 ), and (2) Fermi-arced pseudogap (fromV 2 ). Although the domain sizes can not be estimated, we believe that physics measured highly depends on the experimental tools. For example, the photo-emission experiments and the transport measurements are sensitive to the gapless excitations. As their probes cover multi-domains, the physics fromV 2 dominates the signals. For the tools of local probes, especially STM, physics of both pseudogap structures should be faithfully claimed. Next, let us construct the band structure observed in the photo-emission experiments. With no proof, we find that the bands can be phenomenologically described by
where It is not surprising thatV 1 andV 2 contribute to the band structure. The energy contours of equipotentials are given in Fig. (2) . However, the attractive force is not in the direction of separation as the pairs stay in the nodal lines. It is perpendicular to the separation. Without the attractive force, the pairs break up and become the single-particle excitations. Therefore, the form factor of the attractive potential in Since the pairing is due to the attractive potential, the upper limit of the superconducting gap can be estimated. The effective attractive potential energy is the combination of the repulsive energy and the attractive energy, given by Since the two kinds of the pseudogap domains can co-exist, the superconducting domains of different pairing symmetry can co-exist, as well, which is the main prediction of the theory. The effective Hamiltonian can be given by
where j = 1, 2 for the full and the Fermi-arced gap domains respectively, and a is the vector potential of the B field fluctuation. The interaction terms can be generated by using the standard perturbation techniques. For future directions, nonetheless, minimal models for different domains can be constructed in the lattice. In general, insulators are believed to be stable against perturbations. The superconductivity in the many-body insulators demonstrates the exceptional instability that seems to be as universal as the BCS instability in metals [18, 19] . Quantum correlation, originating from the concept of wavefunction overlaps, plays the most important role. Both the spatial wavefunction overlap (antiferromagnetic fluctuation) and the spin wavefunction overlap (spin Berry's phase fluctuation) dominate the electronic properties. As the d x 2 −y 2 symmetry of the electron pairs reveals the most information in the mechanism of the superconductivity, the physics in the full pseudogap domains have been significantly ignored [20, 21] . In particular, a new d x 2 −y 2 ± id xy symmetry of pairing is possible in those domains. The new realm needs to be explored.
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